The study was aimed determine the criteria for treating cerebral aneurysms, ruptured and unruptured,
185 patients were treated surgically , this includes 27 patients who failed coiling or were considered not suitable for coiling.
II. Methodology
All patients undergoing endovascular coiling for the aneurysm were intubated and paralyzed under general anesthesia. This was found to be imperative to provide ease in radiographic road-mapping and microcatheter manipulation during the procedure . Simultaneous live biplane digital subtraction roadmapping for deploying aneurysm coils was utilized for the guidance of coils into the aneurysm. Initially two diameter coils were used for the first coil deployment and this has been found to be advantageous. Also, deployment of the first loop of the coil with shorter radius into the aneurysmal sac was found to decreases the risk of perforation and migration of the end of the coil into the parent vessel. The procedure is performed with the patient under systemic heparinization, even in patients with recent SAH. A bolus of 5000 units of heparin is given followed by the injection of 1000 units every hour and the saline infusion used is also heparinized (2000 U/l). The patient receives around 10,000 units of heparin during the whole procedure. Heparin reversal is done at the end of the procedure, unless an embolic complication occurs during the procedure.
We have found the partial thromboplastin time to be at least twice the baseline with this regimen of heparin. which prevents proper deployment of the first coil within the sac and thus resulting in protrusion of coils through the neck into the lumen of the parent vessel. However, wide neck aneurysms may be amenable to coiling with the adjunction of a balloon transiently inflated into the parent vessel and straddling the neck of the aneurysm during deployment of the coil. This technique has been extensively used by Moret and is called the "remodeling technique."10)
Results
The results have been divided mainly into two groups of the aneurysms with SAH and without SAH. The results are also analyzed in respect to the aneurysm location, size, D/N ratio with occlusion rate of aneurysm, vasospasm, and morbidity and mortality. The overall outcome in both SAH and unruptured groups are categorized into two: clinical outcome and morphological outcome i.e. the percentage of aneurysm occlusion following coiling.
I. Fifty-four patients with 54 ruptured aneurysms (Table 1 Morphological outcome: Fifty-six aneurysms were completely occluded immediately after coiling. This includes two patients who subsequently died. There was some regrowth of the neck in two cases. One was successfully clipped and the other completely occluded with permanent occlusion of the ipsilateral ICA. Eighteen of these 56 aneurysms are still completely occluded at 6 months, 13 of these are occluded at 1 year, and two others are occluded at 2-year follow-up (Figs. 4-6 ). Five aneurysms had incomplete occlusion and had surgery and are cured. Three patients with incomplete occlusion were completely occluded on follow-up after permanent occlusion of the ICA with detachable balloons. Seven patients having a small neck remnant unchanged at follow-up have not been treated yet. Four patients (Cases 30, 57, 82, 102) which were incompletely occluded immediately after coiling are now completely occluded at 6-month follow-up for one of them, and at 6 months and 3 with 1-year follow-up. Nineteen aneurysms out of 56 have no 6-month angiographic follow-up yet. Thus, if the 15 aneurysms which failed coiling are excluded from the 90 selected cases and 60 of the aneurysms (80%) were successfully occluded with coils. Fifteen aneurysms failed coiling due to technical or morphological reasons and they had surgical clipping and are cured. D/N ratio and size of the neck correlation with aneurysm occlusion rate: Forty-six aneurysms had a D/N ratio of more than 2/1. 37/46 (80%) had complete occlusion of the aneurysm immediately after coiling. This includes four patients who subsequently died of unrelated causes. Of the angiographically controlled 11 are still occluded at 6 months, seven at 1 year, and two at 2 years. The average diameter of the aneurysm in the complete occlusion group was 8mm with an average neck diameter of 2.8mm. The average diameter of the aneurysms in the incompletely occluded group was 18mm with an average neck diameter of 4.5mm. Twenty-four patients had D/N ratio of 2/1, of these two were not suitable for coiling and had surgery. Of the rest 15/22 (68%) were completely occluded immediately after coiling. Of the angiographically controlled group four are still occluded at 6-month follow-up and four at 1 year. One regrew and was treated subsequently by permanent occlusion of the ICA. Three failed coiling of which two had successful surgery and one is still untreated. Three are incompletely occluded with a small neck remnant of which one had successful surgery and two others are followed every 6 months with an angiogram. The average diameter of the completely occluded aneurysms was 5.7mm with an average neck diameter of 2.8mm. The average diameter of the incompletely treated aneurysms was 14.8mm with an average neck diameter of 5.6mm. Twenty patients had D/N ratio of less than 2/1, of them 12 aneurysms failed coiling. Of the failed patients nine had surgery and three are not yet treated. Four aneurysms had complete occlusion and four were incompletely occluded. One of these died due to dissection of the basilar artery with a latex inflated balloon, one had surgery, and two have a small neck remnant which is unchanged at 1-year follow-up. The average diameter of the completely occluded aneurysms was 5mm with an average size of the neck of 3mm. The average diameter of the incompletely occluded aneurysms was 6.5mm with an average neck size of 4.2mm.
Discussion
Surgical clipping is still considered as the first choice of treatment for intracranial aneurysms in many centers around the world. Unfortunately, even today endovascular coiling is reserved for the aneurysms which cannot be treated surgically or for patients who have a severe medical condition contraindicating surgery and general anesthesia. At the same time in parts of Europe endovascular treatment with coils is the first choice for treating cerebral aneurysms keeping surgical clipping for those aneurysms which have failed coiling or are incompletely occluded after coiling. Selection of patients with aneurysms of good geometry for coiling is an important criteria of coiling (Fig.7) . It has been shown that the large aneurysms with a wide neck have a very low rate of complete occlusion with coils14) and our experience also confirms this. However, wide neck aneurysms may be amenable to coiling with the adjunction of the remodeling technique.10) We have treated 12 aneurysms with the remodeling technique with only one complication in the first case. These groups of aneurysms have probably a higher chance of cure with surgery than with coils.
In our earlier experience of 25 patients with 25 aneurysms (May 1994 to February 1995) the criteria for selection for aneurysm coiling was not well defined and the geometry was not considered as an important factor for choosing the aneurysms for coiling. Hence, aneurysms with wide necks as well as those with narrow necks were treated, alike. Patients with aneurysms of various size and shape, at any location, and even with calcified wall, high Hunt and Hess and Fischer grade, and with multiple medical problems (myocardial infarction, diabetes, high blood pressure, chronic obstructive pulmonary disease, renal insufficiency) were subjected to coiling. The absence of biplane live digital subtraction fluoroscopy in this group of patients added to the difficulties.
Hence, the initial group of patients did not yield excellent results. However, in the later group of patients (March 1995 to June 1997), 114 patients with 119 aneurysms were coiled. The aneurysms with good geometry on the angiogram with a D/N ratio of 2/1 or more and a neck lesser than 5mm in absolute dimension were mainly selected for coiling (Fig.7) . The proper patient selection compounded by the experience in technique and the use of live biplanar digital subtraction road-mapping led to far better results in this group. There were no deaths related to coiling either in the SAH group nor in the unruptured group of aneurysms. The morbidity was limited to one permanent moderate neurological deficit in the SAH group of 49 patients and one permanent neurological deficit in the non-ruptured group of 65 patients, although six patients out of 114 did have transient neurological complications with complete recovery.
The complications most frequently reported in the literature1-18) following aneurysm coiling are perforation of the aneurysm with the coil, clots, emboli, and thrombosis of the parent vessel. In our experience we encountered perforation of the sac of the aneurysm occurred in four patients (2.9%) (Cases 1, 28, 114, 127). Of these first two patients died (before February 1995), and the two others survived without neurological deficits. Vinuela et a1.17) reported perforation rate was 2.7% in their experience of 403 patients treated in the acute phase. We also had dissection of the basilar tip during the initial period in one patient with remodeling technique (Case 12). Clots and emboli were seen in five cases out of 139 patients (Cases 8, 10, 53, 63, 108) in our experience. Thrombosis of the parent vessel may occur when the mass effect of the coils compresses the parent vessel or when some coils protrude through the neck of the aneurysm and this was encountered in one of our basilar tip aneurysm where the mass of coils stenosed one PCA (Case 18) which later ruptured during attempted balloon angioplasty.
In Case 13 the mass of coils into the MCA bifurcation aneurysm occluded one branch of the MCA. The patient subsequently had surgery for removal of the coils and clipping of the neck with a poor outcome.
Rebleeding of aneurysms of incompletely treated with coils is also an important complication which cannot be ignored and the literature accounts 2.2% rebleeding rate.17) Fortunately, we had no rebleeding in our series where the cases are followed from several weeks to 2 years after coiling. It has also been suggested that partial occlusion of aneurysms treated in the acute phase protects the dome from rebleeding and this allows to buy time in patients in bad clinical conditions before second treatment could be instituted.
One by the blades of the clip whereas after coiling the circular entrance of the neck remains unchanged. Due to this even after tight and dense packing of aneurysms, they may recanalize and regrow.8, 15) In our experience recanalization has been rare when a tight and dense packing had been achieved immediately after treatment. We encountered a small regrowth of the neck at 6 months in only one of 34 cases in the SAH group. Actually, in five cases we observed total occlusion of the aneurysm after 6 months, when they had had neck remnant immediate following coiling, and they remain fully occluded at 1-year and even 2-year angiographic follow-up. In the unruptured group only two of 56 aneurysms which were completely occluded immediately after treatment showed some regrowth. At the same time four aneurysms which were incompletely occluded after coiling showed complete occlusion at 6 months and 1 year. At the present time we follow small neck remnants with an angiogram every 6 months. Follow-up angiograms in patients with neck remnants could show a) spontaneous resolution of the neck requiring no further treatment until unless subsequent angiograms show regrowth, b) remain the same which are controlled by further angiograms or attempt to further occlude it can be made, and c) the neck could at times grow and become bigger and these need treatment.
In our series none of the aneurysm with neck remnant has rebled till date. We also found that the removal of the coils at surgery has been easy when the surgery was done early after coiling, however, it could be extremely difficult and traumatic when done months after coiling. Delayed surgery is advised till the neck has sufficiently regrown so that the aneurysms can be clipped and there is no necessity of coil removal.
We and the other authors also suggests that the spherical aneurysms with a small neck have higher yield of complete occlusion than the large aneurysms with a broad neck (>5mm diameter).18) Currently our selection of patients for coiling is largely based on this criteria and concept. However, at times it is difficult to appreciate precisely the size of the neck of aneurysm and in our experience true size of the neck could be best seen and measured only after deployment of the first coil into the sac. This is one of the main reason that we have a relatively high number of aneurysms with a D/N ratio less than 2/1, as these patients were assumed to have neck not larger than 2mm in the initial angiogram till the patient underwent formal coiling. This has also led to higher rate of failed GDC in this subgroup. Our morphological results correlated very well with the geometry of the aneurysm.
In non-ruptured group complete angiographic obliteration rate was 80% when D/N ratio was>2/1, 68% when it was equal to 2/1, and only 50% when the D/N ratio was<2/1.
In SAH group obliteration rate was 76% when the D/N ratio was>2/1, 75% when the ratio was equal to 2/1, and 44% when the ratio was<2/1.
The morbidity and mortality with coiling is higher when there are technical difficulties. We abort the procedure whenever it is clear that tight and dense packing of the aneurysm will be difficult. However, extensive use of the remodeling technique may increase the number of aneurysms dense coiling but at the same time will potentially increase the risks. The contraindications to GDC are rarely absolute. Giant aneurysms with a broad neck are probably better treated with permanent occlusion of the parent vessel whenever possible. Aneurysms more than 10mm in diameter with a broad neck can be treated with the remodeling technique.
In our practice, we found spherical PComA aneurysm at the origin of a fetal PComA to be a contraindication for coiling. With the microcatheter inside the aneurysm we realized that distal PComA and PCA came out of the sac. In this situation it would be impossible, not to occlude the PCA and hence the patient underwent surgery where partial clipping of the sac protecting the PCA . We also found the average stay of patients with ruptured aneurysms in the neurosurgical intensive care unit was 12 days and for unruptuured group aneurysms was 2 days with 1 day in the step-down unit.
Therefore, the treatment of unruptured aneurysms with coils were found to be more cost effective.
Conclusion
The selection of aneurysms for coiling in our experience is essentially based on the geometry of the aneurysm. The aneurysms with small neck or a neck half the size of the diameter of the dome and not bigger than 5mm are the aneurysms preferred to be treated with coils, irrespective of their grade. The location of the aneurysm and the anticipated surgical difficulties are also considered in every case but this is not our primary criteria of selection . Ideal aneurysm geometry is the prerequisite for obtaining a tight and dense packing and complete angiographic occlusion.
This selection criteria is primarily responsible for our good results, however, subsequent follow-up will be needed to determine their ultimate outcome. We will improve our results in the future by selecting for coiling the aneurysms with a good geometry and by expanding the indications of the remodelling technique.
